Abstract The majority of studies comparing the response of biotic metrics to environmental stress in rivers are based on relatively small, homogeneous datasets resulting from research projects. Here, we used a large dataset from Austrian and German national river monitoring programmes (2,302 sites) to analyse the response of fish, diatom and macroinvertebrate metrics to four stressors acting at different scales (hydromorphology, physico-chemistry, riparian and catchment land use). Nutrient enrichment and catchment land use were the main discriminating stressors for all organism groups, over-ruling the effects of hydromorphological stress on the site scale. The response of fish metrics to stress was generally low, while macroinvertebrate metrics performed best. The Trophic Diatom Index (TDI) responded most strongly to all stressors in the mountain streams, while different metrics were responsive in the lowlands. Our results suggest that many rivers are still considerably affected by nutrient enrichment (eutrophication), which might directly point at implications of catchment land use. We conclude that monitoring datasets are well-suited to detect major broad-scale trends of degradation and their impact on riverine assemblages, while the more subtle effects of local-scale stressors require stream type-specific approaches.
Introduction
European rivers are affected by multiple stressors. Although organic pollution has almost vanished over the last decades, many rivers are still considerably impacted by nutrients, pesticides and complex mixtures of toxic substances (EEA, 2010 (EEA, , 2011 . Further, river hydrology and morphology have been fundamentally altered. Almost all rivers are disconnected from the former floodplain; straightening, bed and bank fixation and the removal of riparian vegetation are common (Tockner et al., 2010) . Consequently, the European Environment Agency (2012) concluded that around 57% of European water bodies are of moderate or worse ecological status, mainly caused by the impact of the following stressors: habitat alteration (*48% of all classified water bodies), nutrient enrichment (*38%) and other diffuse or point source impacts, such as contamination by priority substances, sediment input and organic enrichment. All these stressors affect river biota in some way although stressor-impact pathways are complex and often subtle. Stressors are nested in a spatial hierarchy (Frissel et al., 1986; Allan, 2004) which can be described in Driver-Pressure-State-Impact-Response (DPSIR) chains (IMPRESS, 2002) . On the pan-European scale, intensive land use is a main driver of ecological deterioration of the lotic environment (Stoate et al., 2001) , leading to various pressures on the site scale, such as increased nutrient and pesticide loads, soil sealing, structural modifications and hydrological alterations. As a consequence, river biota is impacted by severe habitat deterioration leading to significant changes in community composition and species diversity (Cuffney et al., 2000; Marzin et al. 2012b) . These deficits are addressed by implementing catchment and river management plans, based on the Water Framework Directive (WFD, 2000/60/EC).
The WFD stipulates the monitoring of fish, macroinvertebrates, phytobenthos, phytoplankton and macrophytes, together with physico-chemical and hydromorphological parameters to assess the ecological status of European surface waters. It is well known that different organism groups respond to varying stressors due to their ecological and biological preferences. A growing body of literature indicates that diatoms and macroinvertebrates respond most strongly to the nutrient gradient, the latter especially well in mountain streams Johnson & Hering, 2009 ). Fish and macroinvertebrates respond strongly to hydromorphological gradients . Catchment land use, being a proxy for both the nutrient content and the structural conditions (Blann et al., 2009) , affects all organism groups less than eutrophication at the site scale, causing the strongest response by diatoms and macroinvertebrates Marzin et al., 2012a,b) . However, most of these studies are based on limited datasets which result from sampling programmes in research projects; they were mainly designed to sample gradients in quality, i.e. from near-natural to heavily degraded sites. The huge data sources from the current monitoring activities under the Water Framework Directive, however, have rarely been used to address questions of stressor specificity on organism groups and on how multiple stressors add to each other in affecting river biota (de Zwart et al., 2009; Marzin et al., 2012a,b) . The member states' monitoring data, which are used for regional and national decision making, represent the European water bodies much better than restricted datasets from research projects. The vast majority of European rivers are affected somehow, while reference rivers and severely polluted sites are largely missing. In this paper, we aim to examine if the stressor impact patterns observed in research projects are also reflected by large-scale European monitoring datasets.
We use a large data source resulting from monitoring programmes under the Water Framework Directive collected in Germany and Austria. The data cover both, lowland and mountain rivers and comprise relevant gradients in catchment size, altitude and stressor impact. Hence, our data represent a realistic spot check of the lotic environment in the Central European mountain and lowland riverscapes. In order to measure biological response, we follow a metricbased approach as most European countries use metric-based assessment systems of ecological quality (Birk et al., 2012) .
More specifically, we developed three hypotheses to structure our survey:
(1) Water quality deterioration still is the main discriminant for lotic biota and particularly affects benthic diatoms, while reach-scale hydromorphology mainly affects the lotic fauna (fish and benthic invertebrate assemblages). Catchment land use, while integrating various forms of diffuse pollution and hydrological and morphological impacts, affects all organism groups to a comparable degree. (2) Fairly general metrics, for instance, metrics based on family-level taxa lists (in case of benthic invertebrates), respond to more general impacts of degradation and thus are less strongly linked to stream type-specific differences. (3) Catchment land use acts as a large-scale 'master factor' controlling or integrating the stressors at local scales.
Methods
We used data resulting from national WFD monitoring programmes collected between 2000 and 2008 in (1) and (2), we used all the data broken down into 24 individual datasets, each representing a single organism group (fish, benthic invertebrates or benthic diatoms), stressor (catchment land use, riparian land use, physico-chemistry, hydromorphology) and altitude range (lowland, mountain) ( Table 1) . One subset per organism group, with which a direct comparison of all stressor groups was possible, was used for addressing hypothesis (3) ( Table 2) . These subsets comprised only Austrian data and consisted of 285 sites with fish data, 102 sites with macroinvertebrate data and 85 sites with diatom data (Fig. 1) . The length of the stressor gradient varied to a certain extend between the datasets, usually in their maximum values. The Austrian subdatasets showed shorter gradients in some cases than the large-scale datasets, e.g. the contents of nitrate and total phosphate. Nevertheless, all datasets covered gradients from not-impacted to impacted sites.
Some of the sampling protocols cited in the following were published after the sampling of our data. However, the methods described therein were already included in the preceding documents. Diatoms were sampled in Germany according to the Phylib method (Schaumburg et al., 2004) at times of low flow conditions by removing ten stones from the stream bottom, avoiding zones of exceptionally high and low current velocities. Identification was to species level with 400 valves being determined. In lowland streams, the upper layer of the bottom substrate was removed. In Austria, diatoms were removed from at least five stones of the dominant substrates and transported to the laboratory under cooled conditions. In the laboratory, at least 500 valves were determined to species level whenever possible. To complete the taxalist the remaining sample was screened for additional species (Pfister & Pipp, 2010) . Since the total number of valves identified to species level differed between data providers, we conducted an electronic subsampling (rarefaction) of 100 valves per sample using the package 'vegan' (Oksanen et al., 2011 ) in R (R Development Core Team, 2011 .
Macroinvertebrates were collected by a multi-habitat sampling approach described by Hering et al. (2004b) and Ofenböck et al. (2010) . A total of 20 sample units were sampled from representative substrates (i.e. substrates[5% coverage in the sample reach) using a kicknet (frame 25 9 25 cm, mesh size: 500 lm). The sample units were pooled, preserved (90% ethanol) and transferred to the lab for further progressing. In the lab, at least 1/6 of the sample material was sorted until the targeted minimal number of 350 (Germany) or 700 (Austria) individuals was reached. This difference in the minimal targeted number of individuals was considered having minor influence on our study as we followed a metric-based approach using the relative proportions of individuals belonging to, for instance, a feeding type rather than the absolute numbers. Furthermore, Haase et al. (2004) showed that metric-based assessment using benthic macroinvertebrates is relatively insensitive to the number of individuals collected, if at least 350 specimens are considered. Identification targeted the species level, with the exception of Oligochaeta and Diptera in Germany, which were identified to genus or to family level. A taxonomical adjustment was performed for the whole dataset according to Nijboer & Schmidt-Kloiber (2004) .
Fish assemblages were sampled in line with CEN 14011 (CEN, 2003) using an electroshocking device, either while wading across a section or using a boat. A stretch of several hundreds of metres in length was sampled at each station (1st run), while sampling effort varied according to the abundance observed (Dußling et al., 2004; Haunschmid et al., 2006) . All fish were identified to species level, counted and measured for length alive and released afterwards.
Samples were only included in the analyses if they were taken within the sampling periods recommended by the German protocols for the corresponding organism group. Fish and diatoms were sampled in August/ September (Dußling et al., 2004 ; Bayerisches Landesamt für Umwelt, 2012), macroinvertebrates were sampled in March/April in catchments\1,000 km 2 , in June/July in catchments[1000 km 2 (Meier et al., 2006) . Four stressor groups were investigated (Tables 1, 2).
(1) Land cover data were recorded based on CORINE (EEA, 2000) ; parameters considered included the G e r m a n y G e r m a n y A u s t r i a A u s t r i a (Meier et al., 2006) and diatom metrics by the OMNIDIA software (Lecointe et al., 2003) . For the analyses, eleven metrics were selected for each organism group (Table 3) considering the following criteria: (1) both sensitivity and functional metrics to test the response to different stressor types (except diatoms: only sensitivity metrics were available), (2) only metrics that showed a gradient in the datasets and (3) preference of metrics that were known to respond well to degradation according to literature references (e.g. Hering et al., 2006) . Richness and diversity metrics (e.g. total taxa richness, Shannon-Wiener diversity, Pilou's evenness) were omitted as preliminary analysis revealed a weak relationship of these measures to the stressor gradients considered (C. K. Feld, unpublished data).
We applied Spearman Rank Correlation to identify linkages of metrics and stressor parameters by Statistica 10 (StatSoft). The coefficients of determination (r 2 ) were determined for all parameters. Mean and maximum values of r 2 were derived to evaluate the response intensity of each organism group to each stressor group. To evaluate if the response of an organism group to a stressor group was specific (only few metrics responding) or rather general (many metrics responding), the percentage of metrics significantly correlating to a stress type in relation to the total number of metrics was calculated (share sg).
Boosted Regression Trees (BRTs) were applied to analyse metric response curves and potential metric change points along the stressor gradients. BRTs were run separately for each combination of metric, altitude range (lowland, mountain) and stressor. Catchment size was included into the analysis. Generally, BRTs ( provide information on the relative influence of each variable on the variance explained by the model. Metric change points were derived from BRTs by visual inspection of partial dependence plots (Cutler et al., 2007) and defined as the first major break in slope (i.e. a sharp increase or decline of metric values) Trophic Index TID Sensitivity Rott et al. (1999) along the stressor gradient. These plots show the effects of each variable after averaging out the influence of all other variables (Elith et al., 2008) . When gradual changes rather than distinct change points of metric values along the stressor gradients were detected, we indicated the range of stress, within which biological changes were observed. Hence, the term 'change point' in our study refers to both drastic changes of biological metrics along the stressor gradient and gradual changes over a range of stressor values. We followed the manual provided by Elith et al. (2008) and , after identifying the optimal settings for model training and cross-validation [tree complexity: 4, learning rate: 0.001; bag fraction: 0.7 (diatom datasets) and 0.6 (invertebrate datasets)]. The BRT analyses were run in R (R Development Core Team, 2011) using R's standard libraries and in addition for BRT, using the libraries 'gbm' (v.0.7-2, Ridgeway, 2010) and 'dismo' (v.0.7-2, Hijmans et al., 2011) .
To detect the stressor hierarchy, we first identified the main stressor gradients in the fish, macroinvertebrate and fish subdatasets of each stressor group using Principal Component Analysis (PCA) in Canoco 4.5 (ter Braak & Smilauer, 2003) . The relevant axes were identified for each subdataset (eigenvalues higher than 10%; inferior axes were only considered if the variables that accounted for the variation were not yet identified as dominant in a superior axis) and the corresponding stressor values were then assigned to each site. Revision of the gradient lengths of the metrics (standard deviations \3) with Detrended Correspondence Analysis (DCA) identified Redundancy Analysis (RDA) as the adequate method to depict the metric response to the stressor gradient (ter Braak & Prentice, 1988) . Altitude and catchment size were included as co-variables into each RDA run to partial out their effects on stressor-impact relationships. Metric values were centred and standardised. Automatic forward selection was performed to rank the stressor parameters. Forward selection provided information about the marginal effects (Lambda1) and conditional effects (LambdaA) of each parameter. Generally, Lambda1 specifies the effect that an independent stressor parameter adds to the explained variance, while LambdaA specifies the remaining effect a parameter adds to the model when other variables have already been loaded. The hierarchy of stressors was derived by ranking the values of Lambda1. Information about the inter-correlation of stressor variables were obtained by comparing Lambda1 to LambdaA. Monte Carlo permutation tests were performed to test if the conditional effects were significant. Stressor gradients with Lambda1 equal zero were removed from the dataset and the analysis repeated.
Results
Stressor impact on benthic fish, diatoms and macroinvertebrates Spearman Rank Correlation indicated that there was no 'master factor' explaining the variability of the biota's response to stress (Table 4) . However, all organism groups were most strongly affected by physico-chemical parameters both in lowland and mountain streams. In the mountains (Table 5) , diatoms and macrorinvertebrates showed the strongest response, taking into account both the percentage of significantly correlating metrics (share sg) and the response intensity (mean r 2 ). Macroinvertebrates showed the same response intensity to catchment land use as to the physico-chemical parameters. The second strongest impact on diatoms was catchment land use, while the second strongest impact on fish was hydromorphological degradation. In the lowlands (Table 6 ), diatoms and fish were responding most strongly to physico-chemistry. The response to catchment and riparian land use was usually lower than in the mountain streams (for fish there was no significant correlation at all). The second strongest impact on diatoms and fish was imposed by hydromorphology. Few macroinvertebrate metrics responded with high intensity to hydromorphology, while many metrics responded to land use with rather low intensity.
Indication potential and change points of selected metrics
According to the results of the Boosted Regression Trees (Tables 7, 8) , two functional macroinvertebrate metrics were the 'best'-responding metrics to hydromorphological conditions in lowland streams (p_pel: (%) microhabitat preference pelal, explained variance: 37%) and mountain streams (p_merith: (%) zonal preference metarhithral, explained variance: 39%). Table 3 Overall, ASPT was best correlated to land use and physico-chemistry in mountain and lowland streams (mountains: 37-70%, lowlands: 33-77% explained variance). For diatoms, TDI was identified as the 'best' metric for all stressors in the mountain streams (16-59%), while in the lowlands different metrics discriminated between stressors: LOBO was the best responding to hydromorphological conditions (48%), EPI_D to physico-chemistry (68%), GENRE to land use in the catchment (36%) and IPS to riparian land use (13%). Change point analysis was applied to these metrics; since IPS showed also a strong response to physico-chemistry in the lowland streams, it was included into the analysis too. Fish metric response was rather low, thus they were not further considered for the analysis using BRTs. Table 9 shows the variables with the highest relative influence on the correspondent metric and the influence of the catchment area. Change points were derived from partial dependence plots (Figs. 2, 3 , 4, 5) for variables of land use and physico-chemistry with at least 30% relative influence. The highest relative influence on the models examining hydromorphological variables was exerted by the catchment size, while the influence of the hydromorphological variables was rather low. Thus, change points were not derived for these variables.
Stressor hierarchy
The PCA of the hydromorphological parameters revealed a 'structural degradation gradient' along PC1 (eigenvalues: 0.253-0.305) for all datasets. It combines parameters such as 'artificial embankment', 'instream habitat modification' and 'cross section modification'. The subsequent axes 2-4 (PC4 eigenvalues: 0.110-0.117) were correlated with parameters of flow modification ('barrier upstream', 'barrier downstream' and 'impoundment') and with 'riparian vegetation modification'. The PCA of physico- Share sg: the percentage of significant correlations in relation to the total number of metrics 
Italicized most strongly responding metric within the stressor group; blank values (-): explained variance = 0; for metric abbreviations see Table 3 Table 9 Metric variance explained by stressor variables and change points as indicated by partial dependence plots of Boosted Regression Trees (Figs. 2, 3 agricultural area'. PC2 and PC3 were also defined to varying degrees by these parameters (PC3 eigenvalues: 0.229-0.291). Using Redundancy Analysis, we detected an impact hierarchy of stressors from different spatial scales (Table 10) . Large-scale impacts like arable land in the catchment and the nutrient enrichment related to agriculture (as e.g. total phosphate, nitrate) act as dominant factors for fish and invertebrate metrics. 'Master factors' for diatom metrics were arable land in the catchment and alkalisation, in part expressed through the parameters conductivity and pH. Though it is known that pH shifts towards alkaline conditions are correlated with high nutrient loads, the alkalisation gradient in our dataset is probably influenced by the Austrian geology, which consists of granite rocks in the region of the central Alps and the limestone and dolomite rocks in the calcareous Alps. The comparison of Lambda1 and LambdaA (LambdaA \Lambda1) revealed an inter-correlation between arable land in the catchment and the physico-chemical parameters. The stressors acting on a local scale were ranked rather low. The strongest local impact was the amount and type of agricultural area along the river, for fish and invertebrates, and the structural conditions for diatoms. Invertebrates were only marginally affected by structural components.
Discussion
Stressor impact on benthic fish, diatoms and macroinvertebrates Among the stressors tested in this study, water quality was acting as the main discriminating factor for all organism groups in lowland and mountain streams. Diatoms and invertebrates responded to almost all physico-chemical parameters, while fish metrics responded more specifically to nutrients (total phosphate, nitrate). At first glance, this finding is surprising as water quality has greatly been improved in Germany and Austria over the last decades and is generally not supposed to limit ecological quality to a large degree; most rivers already achieved 'good chemical status ' (BMLFUW, 2010; EEA, 2010; UBA, 2010) . Nevertheless, other European studies found trends of ongoing nutrient enrichment in many countries, which may explain the good explanatory power of nutrients in the analysis (e.g. EEA, 2012; Marzin et al., 2012a, b ; but see also Haase et al., 2012 for the ongoing impact of pollution in Central European rivers). Furthermore, we assume that the result is biased to a certain degree by the underlying data origin, i.e. operational (WFD) monitoring. This monitoring focuses on impacted water bodies, which are Table 9 likely to fail 'good ecological status' for at least one BQE; reference sites are almost missing in the dataset. Therefore, the gradient in land use and hydromorphology is less pronounced than in other datasets including reference sites and pre-defined stress gradients (e.g. Hering et al., 2006 , Feld & Hering, 2007 .
In mountain streams catchment land use affected all organism groups substantially. The impact was the strongest for invertebrates, followed by diatoms and fish. Sensitivity as well as functional metrics responded to catchment and, to a lower degree, to riparian land use parameters which underlines that land use integrates various pressure types. For a large-scale analysis, stressors measured on the catchment scale might be particularly well suited, as they may affect biota in a similar way for different stream types. Furthermore, the result is in agreement with several recent studies highlighting the role of catchment land use for river ecological quality (Allan, 2004; Clapcott et al., 2012; Marzin et al., 2012a, b) . Nowadays, overarching effects Table 9 Hydrobiologia (2013) (2012), we observed a weaker response to land use in lowland streams (fish did not respond at all), while Hering et al. (2006) tested a large set of fish metrics and observed a stronger response towards catchment land use in lowland rivers. As intensive forms of land use are more common in the lowlands, we expected a relevant response since a gradient was present in the datasets (Table 1) . However, aquatic communities at rather 'better' monitoring sites with a higher percentage of forest are nevertheless influenced by other stressors. 'Natural' sites are rare in the German lowlands and particularly under-represented in operational monitoring datasets. Following the findings of Harding et al. (1998) , we suggest that the long history of intensive land use in the lowlands is still impacting the length of the biotic gradients.
Also, for the other stressors, metric response was lower in most cases in the lowlands compared to the mountain streams (share sg) though the response intensity was higher in all cases (mean r 2 ). Most likely, this is due to similar effects: the environmental gradient in the dataset for the mountain rivers, though not necessarily longer, is more strongly covering the transition of 'good' to 'moderate' status, i.e. the Fig. 4 Partial dependence plots from Boosted Regression Trees, indicating the invertebrate metric response to stressor variables in mountain streams; derived change points are listed in Table 9 potential change points of metrics. Exceptions were the functional fish metrics, which responded better to nutrients in the lowland streams than in mountain streams. Further, diatoms showed a stronger response to hydromorphological conditions in lowland rivers, which indicates a stronger (indirect) influence through, e.g. flow conditions and shading on diatom communities in lowland rivers.
Fish metric response was weak for most stressor types despite the fact that fish are generally supposed to strongly respond to a variety of stressors (Bain et al., 1988; Wang et al., 2001; Hering et al., 2006) . Here, we assume that response of fish metrics was partly masked by typological effects. In our analyses, we only distinguished between mountain and lowland streams, but not between fish regions or more sophisticated river types as, e.g. suggested for the WFD assessment in Austria and Germany, which may strongly affect fish community composition. Furthermore, hydromorphological parameters included in the analysis are mainly ordinal scaled and might be too coarse to reflect the needs of the fish fauna.
Indication potential and change points of selected metrics
For the implementation of the WFD, both Austria and Germany opted for stream-type specific assessment Table 9 Hydrobiologia (2013) 704:389-415 409 Lambda1 expresses the marginal effect (effect of independent variable), LambdaA the conditional effect (additional effect of independent value); p-values refer to the significance of the conditional effect systems, i.e. different metrics and/or threshold values are used for the calculation of the ecological indices in the various stream types. In contrast to these specific metrics, we used rather general, often family-based, metrics, which are less adapted to the specificities of individual stream types and are thus supposed to react in a more general way to stress. This approach is generally well reflected in the results of the analyses. For invertebrates, a family-based metric (ASPT) worked best for the indication of the stressor groups land use and physico-chemistry, revealing that for a general indication of stress on a large-scale, familybased metrics might be sufficient. The stream typespecific saprobic indices of Austria and Germany, however, give much more precise results, but are less applicable for large-scale comparisons since they are based on species, which show different distribution patterns throughout Europe. On first glance we identified two species-based metrics for assessing hydromorphological stress in lowland ((%) microhabitat preference pelal) and mountain streams ((%) zonal preference metarhithral). However, these results are influenced strongly by the range of the catchment size in the dataset, while the response to the hydromorphological parameters used in the analyses is rather low ( Table 9 ). The diatom metrics used were all sensitivity metrics indicating organic pollution, alkalinity or acidity and correspondingly most worked best for physico-chemistry. In mountain streams TDI showed the highest response to all stressor groups. In lowland streams, GENRE worked specifically well for catchment land use, LOBO for hydromorphology and EPI_D for physico-chemistry, while IPS showed a relatively high response to all stressor groups. Also, here the variance in the models with hydromorphological variables is explained to a large part by the catchment size. There is a multitude of studies confirming the potential of diatoms to indicate nutrient conditions (e.g. Patrick, 1986; Cox, 1991; Schiefele & Schreiner, 1991; Hering et al., 2006) and some studies confirm the weaker and indirect response of specific metrics to hydromorphology (Jüttner et al., 2003; Hering et al., 2006) . Our study adds to this body of literature by confirming these relationships also for datasets resulting from standard monitoring activities across large spatial scales.
The change point analysis did not always reveal a single, clear change point, an observation also made in other studies (e.g. Morley & Karr, 2002; Wang et al., 2007) . This is at least partly due to different stream types being included into the large-scale dataset (compare also Allan, 2004) and to metrics aggregating both tolerant and sensitive taxa that behave differently along the stressor gradient (Kail et al., 2012) .
Several studies identified thresholds of physicochemical parameters for macroinvertebrate metrics. Change points of total phosphate (TP) were reported to range between 0.012 mg/l (Richardson et al., 2007) and 0.07 mg/l (Smith & Tran, 2010; Kail et al., 2012) based on a varying set of metrics, not including ASPT. The change point for TP from our analysis with ASPT is much higher than these reported values (mountain: 0.3-2.5 mg/l) showing that eutrophication was indeed present in our dataset. For diatoms the TP change point from our results was lower in mountain streams (0.03 mg/l) using TDI, than in lowland streams (0.3 mg/l) using IPS. Upper change points for nitrate were also lower in mountain (15 mg/l), than in lowland streams (20 mg/l). This is probably due to different sensitivity of the metrics, but might also be influenced by the fact that a higher number of tolerant taxa can be found in lowland rivers. For comparison, Stevenson et al. (2008) reported TP change points between 0.01 and 0.03 mg/l for diatoms from the midatlantic highlands.
In his review, Allan (2004) listed numerous studies which derived thresholds for different land use parameters based on different organism groups; there is evidence for a threshold of urban land or impervious area in the catchment between 10 and 20%, which is supported by Clapcott et al. (2012) and Kail et al. (2012) . Other studies lend support to the conjecture that stream assemblages may already be impacted below 10% urbanised catchment area (e.g. Fitzgerald et al., 2012) . We found a comparable change point (0-20% urban area) for ASPT in mountain streams. Change points for agricultural land in the catchment were reported between 30 and 50% (Allan, 2004) , over 50% (Wang et al., 1997; Wang et al., 2003) or between 30 and 80% (lowlands) and 0-20% (mountain), respectively (Feld, 2012) . Change points of arable land in this study were 20-50% (GENRE) in lowland, and up to 40% (TDI) in mountain streams with diatom metrics and 0-20% in lowland and up to 40% in mountain streams with the invertebrate metric ASPT.
In some cases, the change point values from our results did not coincide with the change points reported from other studies. The results may be influenced by the methodology and by which metrics were chosen (Kail et al., 2012) . More studies deriving and comparing change points are therefore desirable.
Hierarchy of stressors in standard monitoring datasets
Overall, the findings of the large-scale dataset are confirmed in the direct comparison of the stressor groups by RDA. Fish metrics responded better due to the smaller size and higher homogeneity of the subdataset. We hypothesised that catchment land use was most strongly affecting ecological quality in our dataset, thus integrating the effects of various forms of pollution (nutrients, pesticides, fine sediments) and hydromorphological degradation. As indicated by the RDA results, catchment land use components were among the best explaining variables for all three organism groups though explanatory power was generally low. However, physico-chemical variable measures at the sampling sites added significantly to the models, in particular for the invertebrate fauna, for which total phosphorus and nitrate concentrations were the best explaining variables. The lambda values show the widely known correlation between catchment land use and the physico-chemical conditions (e.g. Carpenter et al., 1998) . Diatoms per se are good indicators for nutrients, while the effects of nutrients on invertebrates is indirect and mainly due to oxygen consumption associated to higher biomass in nutrientrich streams (Johnson & Hering, 2009 ). In addition, there might be other effects correlating to nutrient concentrations, e.g. increased inputs of fine sediments from agricultural runoff covering essential macroinvertebrate habitats. Nutrient concentration is therefore to be considered a proxy, which obviously indicates overall stress intensity in a similar way as catchment land use.
Among the local parameters affecting fish and macroinvertebrate communities, the riparian land use condition was the strongest predictor. Feld (2012) showed that the impact of the riparian land use increased with the length of the considered strip. We assume that if longer land use strips were included in the analysis, they would rank even higher in the stressor hierarchy. In our study, local hydromorphological variables (e.g. 'artificial embankment', 'instream habitat modification') had a small, but measurable, effect on metric variability for all organism groups and the ranking reflected the different life cycles of the organism groups (diatoms [fish [invertebrates).
Conclusion
Large datasets, resulting from national monitoring programmes, in combination with country specific assessment systems (considering typological aspects, taxonomic resolution etc.) are main sources of national decision making for implementing the River Basin Management Plans. Our results showed that monitoring data from the German and Austrian monitoring programmes reflect well the effects of large-scale degradation, while the effects of stressors acting at the sites scale might be less visible in comparison to small, more homogeneous (e.g. river type specific) datasets. One of the major conclusions of this study is the impact of physico-chemical variables on biotic metrics and eventually on river ecological quality. At a first glance, this is in contrast to restoration efforts in Central Europe, which focus much on enhancing river hydromorphology and riparian zones. However, most likely, physico-chemistry at the site scale is mainly reflecting the overall degradation of riparian zones in the upstream catchment; this conjecture is also supported by the impacts of catchment land use on biotic metrics. Hydromorphological degradation at the site scale had a measurable, but relatively small impact on most of the selected biotic metrics, indicating the overarching effect of large-scale stressors; in addition, the effects of hydromorphological degradation are masked by limited comparability of morphological data between countries and by the combination of several river types for the purpose of our analysis. Overall, our results lend support to the conjecture that changes in riparian land use are required to restore river biota. 
